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1
SPECIFIC ABSORPTION RATE MITIGATION

BACKGROUND

Mobile computing devices have been developed to
increase the functionality that 1s made available to users 1n
a mobile setting. For example, a user may interact with a
mobile phone, tablet computer, or other mobile computing
device to check email, surf the web, compose texts, interact
with applications, and so on. Modern mobile computing,
devices may incorporate multiple antennas to support vari-
ous wireless subsystems and communications. The multiple
antennas may 1nclude for example one or more Wi-Fi,
Bluetooth, global navigation satellite system (GNSS), near
field communication (NFC) and/or cellular antennas.

One challenge faced by mobile computing device design-
ers 1s adherence to regulatory requirements that are imposed
by entities such as the Federal Communication Commission
(FCC), the European Union (EU), and so forth. An example
of such regulatory requirements 1s legal limits on Specific
Absorption Rate (SAR) that are established in relation to
radio frequency (RF) energy associated with the various
wireless and communications subsystems of a mobile com-
puting device. A traditional solution for achieving compli-
ance with SAR limits involves setting a fixed maximum RF
transmit power for communication hardware (e.g., radios) to
a power level that maintains legal compliance 1n the pres-
ence ol a user. However, placing such a fixed maximum on
the transmit power underutilizes the capabilities of commu-
nication hardware and may adversely affect communication
connections and/or quality. Additionally, add-on hardware
and/or accessory devices connectable to a host device may
have adverse intluences upon RF emissions of the host
device that typically are not accounted for in traditional
mitigation approaches. Thus, traditional techniques for SAR
compliance may be nadequate for some device configura-
tions and use scenarios.

SUMMARY

Specific Absorption Rate (SAR) mitigation techniques are
described herein. In one or more embodiments, a host device
1s configured to implement a SAR mitigation algorithm to
maintain compliance with regulatory requirements. The
SAR mitigation algorithm may be configured to control
radio frequency transmissions (e.g., output levels) for one or
more antennas of the host device based at least in part upon
an arrangement of an accessory device relative to the host
device. By so doing, the SAR mitigation algorithm accounts
for adverse 1nfluences that accessory devices may have upon
radio frequency (RF) emissions from the antennas in some
arrangements. The SAR mitigation algorithm may be further
configured to account for user presence indications along
with accessory device arrangements and adapt transmission
power levels accordingly.

This Summary 1s provided to introduce a selection of
concepts 1 a sumplified form that are further described
below 1n the Detailed Description. This Summary 1s not
intended to 1dentily key features or essential features of the
claimed subject matter, nor 1s 1t intended to be used as an aid
in determining the scope of the claamed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

The detailed description 1s described with reference to the
accompanying figures. In the figures, the left-most digit(s) of
a reference number 1dentifies the figure 1n which the refer-
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2

ence number first appears. The use of the same reference
numbers in different instances in the description and the
figures may indicate similar or identical items. Entities
represented 1n the figures may be indicative of one or more
entities and thus reference may be made 1nterchangeably to
single or plural forms of the entities 1n the discussion.

FIG. 1 1s an illustration of an environment 1n an example
implementation that 1s operable to employ the techniques
described herein.

FIG. 2 depicts an example implementation of a computing,
device of FIG. 1 1n greater detail.

FIG. 3 depicts an example implementation of detectors
for a host device to implement SAR mitigation techniques 1n
dependence upon accessory device arrangement.

FIG. 4 depicts further example arrangements for detectors
ol a host device to implement SAR mitigation techniques 1n
dependence upon accessory device arrangement.

FIG. 5 depicts 1llustrates some example rotational orien-
tations of a host device 1n relation to an accessory device.

FIG. 6 1s a flow diagram that describes an example
procedure 1 which antennas are controlled 1n dependence
upon a detected accessory device arrangement.

FIG. 7 1s a flow diagram that describes an example
procedure 1n which a SAR mitigation algorithm 1s applied to
selectively control antennas of a host device.

FIG. 8 illustrates an example system including various
components of an example device that can be implemented
as any type of computing device as described with reference
to FIGS. 1-7 to implement techniques described herein.

DETAILED DESCRIPTION

Overview

One challenge faced by mobile computing device design-
ers 1s adherence to Specific Absorption Rate (SAR) limits
that are established in relation to radio frequency (RF)
emissions by mobile devices. A traditional solution involves
setting a fixed maximum RF transmit power across all
communication hardware, however, this approach generally
sets a cautiously low maximum to maintain compliance at
the expense of communication connection performance and/
or quality.

Specific Absorption Rate (SAR) mitigation techniques are
described herein. In one or more embodiments, a host device
1s configured to implement a SAR mitigation algorithm to
maintain compliance with regulatory requirements. The
SAR mitigation algorithm may be configured to control
radio frequency transmissions (e.g., output levels) for one or
more antennas of the host device based at least in part upon
an arrangement of an accessory device relative to the host
device. By so doing, the SAR mitigation algorithm accounts
for adverse 1ntluences that some arrangements of accessory
devices may have upon radio frequency (RF) emissions
from the antennas. The SAR mitigation algorithm may be
turther configured to account for user presence indications
along with accessory device arrangement and adapt trans-
mission power levels accordingly.

In the following discussion, an example environment and
devices are first described that may employ the techniques
described herein. Example details and procedures are then
described which may occur 1n the example environment and
by the devices as well as 1n other environments and by other
devices. Consequently, the example details and procedures
are not limited to the example environment/devices and the
example environment/devices are not limited to perfor-
mance of the example details and procedures.
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Example Operating Environment

FIG. 1 1s an 1illustration of an environment 100 1n an
example implementation that 1s operable to employ the
techniques described herein. The illustrated environment
100 includes an example of a computing device 102 that 1s
physically and communicatively coupled to an accessory
device 104 via a flexible hinge 106. In this case the com-
puting device 102 may be considered a host device to which
one or more accessory devices 104 are connectable 1n
different arrangements. The computing device 102 may be
configured 1n a variety of ways. For example, the computing
device 102 may be configured for mobile use, such as a
mobile phone, a tablet computer as illustrated, and so on.
Thus, the computing device 102 may range from {full
resource devices with substantial memory and processor
resources to a low-resource device with limited memory
and/or processing resources. The computing device 102 may
also relate to software that causes the computing device 102
to perform one or more operations.

The computing device 102, for mstance, 1s illustrated as
including an mput/output module 108. The input/output
module 108 1s representative of functionality relating to
processing of inputs and rendering outputs of the computing,
device 102. A variety of different inputs may be processed
by the mput/output module 108, such as mputs relating to
functions that correspond to keys of the input device, keys
of a virtual keyboard displayed by the display device 110 to
identily gestures and cause operations to be performed that
correspond to the gestures that may be recogmzed through
the accessory device 104 and/or touchscreen functionality of
the display device 110, and so forth. Thus, the mnput/output
module 108 may support a variety of different mput tech-
niques by recognizing and leveraging a division between
types of inputs including key presses, gestures, and so on.

In the 1llustrated example, the accessory device 104 1s a
device configured as a keyboard having a QWERTY
arrangement of keys although other arrangements of keys
are also contemplated. Further, other non-conventional con-
figurations for an accessory device 104 are also contem-
plated, such as a game controller, configuration to mimic a
musical instrument, a power adapter, an accessory to provide
wireless functionality, and so forth. Thus, the accessory
device 104 may assume a variety of different configurations
to support a variety of different functionality. Diflerent
accessory devices may be connected to the computing
device at different times and in different arrangements
relative to the computing device 102 (e.g., host device).

As previously described, the accessory device 104 1s
physically and communicatively coupled to the computing,
device 102 1n this example through use of a flexible hinge
106. The flexible hinge 106 represents one 1llustrative
example of an interface that i1s suitable to connect and/or
attach and accessory device to a computing device 102
acting as a host. The flexible hinge 106 1s flexible i that
rotational movement supported by the hinge 1s achieved
through flexing (e.g., bending) of the material forming the
hinge as opposed to mechanical rotation as supported by a
pin, although that embodiment 1s also contemplated. Further,
this tlexible rotation may be configured to support move-
ment 1 one direction (e.g., vertically in the figure) et
restrict movement in other directions, such as lateral move-
ment of the accessory device 104 1n relation to the comput-
ing device 102. This may be used to support consistent
alignment of the accessory device 104 1n relation to the
computing device 102, such as to align sensors used to
change power states, application states, and so on.
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4

The flexible hinge 106, for instance, may be formed using
one or more layers of fabric and include conductors formed
as flexible traces to communicatively couple the accessory
device 104 to the computing device 102 and vice versa. This
communication, for istance, may be used to communicate
a result of a key press to the computing device 102, receive
power from the computing device, perform authentication,
provide supplemental power to the computing device 102,
and so on. The flexible hinge 106 or other interface may be
configured 1n a variety of ways to support multiple diil

erent
accessory devices 104, further discussion of which may be
found 1n relation to the following figure.

As further illustrated in FIG. 1 the computing device 102
may include various applications 112 that provide different
functionality to the device. A variety of applications 112
typically associated with computing devices are contem-
plated including, but not limited to, an operating system, a
productivity suite that integrates multiple oflice productivity
modules, a web browser, games, a multi-media player, a
word processor, a spreadsheet program, a photo manager,
and so forth.

The computing device 102 further includes one or more
antennas 114 that are representative ol various antennas
employed by the computing device to implement wireless
functionality, subsystems, and communications. In accor-
dance with techniques described herein, the antennas 114
may include multiple different kinds of antennas (e.g.,
radios) that are arranged together within one or more anten-
nas zones established for the computing device. In general,
the antennas 114 may be placed to minimize interference
between antennas and/or achieve performance objectives for
the suite ol antennas as a whole. The placement of the
antennas 114 may also minimize areas ol the computing
device 102 and/or accessory device 104 which have restric-
tions that limit the materials and componentry that may be
placed with or near to the antenna suite 114. Areas with such
restrictions may be referred to as radio frequency (RF) keep
outs. A variety of diflerent types of antennas, combinations
of different types of antennas, and arrangements ol antennas
are contemplated.

In accordance with SAR mitigation techniques described
herein, the computing device 102 may be further configured
to implement a SAR mitigation algorithm to maintain com-
plhiance with regulatory requirements. As mentioned, the
SAR mitigation algorithm may be configured to control
transmission power levels for antennas 114 and thus RF
emissions in dependence upon arrangement of the accessory
device relative to the computing device, user presence
indications, accessory identification data, and/or other fac-
tors considered individually or 1n combination. As shown in
FIG. 1, the computing device may include a SAR manager
module 116, one or more user presence detectors 118, and
one or more accessory detectors 120. The SAR manager
module 116 represents functionality operable to implement
a SAR mitigation algorithm and to control antennas 114 to
maintain SAR compliance 1n various scenarios. The SAR
manager module 116 may be implemented as a standalone
module, as firmware of one or more antennas/communica-
tion subsystems, as a component of an operating system or
other application 112 (e.g., an antenna performance and
communication manager application), and so forth. To con-
trol antenna operations, the SAR manager module 116 may
be configured to obtain user presence indications from user
presence detectors 118 and data indicative of an arrangement
of the accessory device 104 from accessory detectors 120.
SAR manager module 116 may also obtain and/or make use
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accessories, determine properties of the accessory devices,
and distinguish between accessories. The user presence
detectors 118 and accessory detectors 120 are representative
of suitable hardware, software, firmware, logic and combi-
nations thereof to obtain user presence indications and data
indicative accessory device arrangements, respectively, and
to supply such information for use by the SAR manager
module 116. A varniety of different physical sensors, sensor
arrangements, and techniques for the user presence detectors
118 and accessory detectors 120 may be employed,
examples of which are discussed in relation to the following
figures.

To further 1llustrate, consider FIG. 2 which depicts gen-
crally at 200 an example computing device 102 of FIG. 1 1n
greater detail. In the depicted example, the computing
device 102 1s shown 1n a stand-alone configuration without
an accessory device 104 being attached. In addition to the
components discussed in relation to FIG. 1, the example
computing device of FIG. 2 further includes a processing
system 202 and computer-readable media 204 that are
representative of various different types and combinations of
processing components, media, memory, and storage com-
ponents and/or devices that may be associated with a com-
puting device and employed to provide a wide range of
device functionality. In at least some embodiments, the
processing system 202 and computer-readable media 204
represent processing power and memory/storage that may be
employed for general purpose computing operations. In the
depicted example, the computer-readable media 204 1s 1llus-
trated as storing the input/output module 108, application
112, and SAR manager module 116, which may be executed
via the processing system 202. More generally, the comput-
ing device 102 may be configured as any suitable computing
system and/or device that employ various processing sys-
tems and computer-readable media to implement function-
ality described herein, additional details and examples of
which are discussed in relation to the example computing,
system of FIG. 8.

The computing device 102 may also implement selected
device functionality through one or more microcontrollers
206. The microcontrollers 206 represent hardware devices/
systems that are designed to perform a predefined set of
designated tasks. The microcontrollers 206 may represent
respective on-chip systems/circuits having self-contained
resources such as processing components, I/O devices/pe-
ripherals, various types ol memory (ROM, RAM, Flash,
EEPROM), programmable logic, and so forth. Diflerent
microcontrollers may be configured to provide diflerent
embedded applications/Tunctionality that are implemented at
least partially 1n hardware and perform corresponding tasks.
For example, the SAR manager module 116 may be imple-
mented via a microcontroller of the device in some 1mple-
mentations. The microcontrollers 206 enable performance of
some tasks outside of operation of a general purpose pro-
cessing system and other applications/components of the
computing device or accessory device. Generally, power
consumption of the microcontrollers 1s low 1n comparison
with operating a general purpose processing system for a
device. Additionally, the microcontrollers 206 may enable
wireless communication systems of the device to remain on
when the general purpose processing system 1s powered
down and provide an always on always connected (AOAC)
feature.

As further depicted, a variety of different types of anten-
nas 114 are contemplated as represented 1n FIG. 2. By way
of example, the antennas 114 may include one or more Wi-Fi
208 antennas, global navigation satellite system (GNSS) 210
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antennas, cellular 212 antennas, Near Field Communication
(NFC) 214 antennas, Bluetooth 216 antennas, and/or other
218 antennas. In accordance with techniques described
herein, the antennas 114 may include multiple antennas that
may be interdependent upon one another and/or are
arranged/designed 1n combination. In some scenarios, some
wireless technologies may be implemented using two or
more 1ndividual radios/antennas.

For instance, the Wi-F1 208 antennas may employ a
two-by-two multiple mput/multiple output configuration
(e.g., 2x2 MIMO). The Wi-Fi1 208 antennas may include at
least a main and a MIMO antenna 1n some configurations. In
addition, a Bluetooth 216 antenna may optionally be com-
bined with the Wi-F1 208 antennas. Further, modern cellular
technologies such as Long Term Evolution (LTE), WiMax,
and/or 4G may employ two or more cellular 212 antennas,
such as a main cellular antenna and a MIMO cellular
antenna and cover various Irequencies, geographic areas,
and so forth. The GNSS 210 antennas may be configured for
use with various types of navigation standards, technologies,
and systems including but not limited to GPS, GLONASS,
Galileo, and/or BeiDou navigation systems, to name some
examples.

The computing device 102 of FIG. 2 also includes an
example user presence detector 118 and an example acces-
sory detector 120. The user presence detector 118 may be
implemented 1n various ways. In this example, user presence
detector 118 1s configured as a hardware sensor capable of
detecting and indicating presence of a user relative to the
computing device and/or relative to particular regions of the
device for which SAR mitigation 1s relevant. For example,
a user presence detector 118 may be located proximate to
antennas 114 to indicate when a user i1s positioned in a
manner relative to the antennas 114 that would 1ncrease or
decrease the likelithood of exceeding SAR limits. For
instance, placing a hand over a region having one or more
of the antennas 114 to hold a device may increase the
amount ol RF energy that the user 1s exposed to. On the
other hand, some device hand positions for holding a device
may be at a suflicient distance from the antennas 114 to
reduce exposure and permit higher RF energy outputs with-
out causing SAR wviolations. Further, SAR compliance may
depend 1n general upon whether or not a user 1s physically
interacting with the device and the context of interaction.

Thus, 1f the device 1s set down to watch a media presen-
tation or placed on a table after use, the level of potential
exposure decreases. User actions with a device such as
typing, gestures, selecting buttons, and other types of input
may be indicative of user presence. These and other con-
textual factors regarding usage of the device may be con-
sidered along with information obtained directly from user
presence detectors 118 to determine when and how to adjust
antenna output. By way of example, user presence detectors
118 employed by a device may include but are not limited
to capacitive sensors, inifrared radiation (IR) sensors, pres-
sure sensors, optical detectors, a camera, and/or other type
ol sensors capable of determinming a relationship of a user
relative to the device and supplying such information as user
presence indications.

Likewise, the accessory detector 120 may be imple-
mented 1n various ways. The accessory detectors 120 may be
implemented as hardware sensors placed 1n various loca-
tions on a host device and/or on an accessory device 1tself.
By way of example, accessory detectors 120 employed by a
device may 1nclude but are not limited to capacitive sensors,
pressure sensors/switch, gyroscopes, accelerometers, optical
detectors, magnetic field detectors, (e.g., hall effect sensors),
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mechanical switches, and/or other type of sensors that may
be used individually or in combinations to determine
arrangement ol an accessory device relative to a host. As
used herein, the arrangement of an accessory device may
include whether or not the accessory 1s connected to the
host, a location of the accessory, an ornentation of the
accessory relative the host, an accessory identifier, and so
torth.

In particular, one or more accessory detectors 120 may be
included with a device to detect whether or not an accessory
device 1s physically connected to a host device. This may
involve determining accessory device identification data
using any suitable mechanism and/or accessory detectors
120. For example, accessory device 1dentification data may
be communicated via an interface (e.g., flexible hinge 106)
that connects and/or attaches an accessory device to a
computing device 102. The accessory device 1dentification
data may be communicated when the accessory 1s attached
and may be stored by computing device 102 for reference
and use by diflerent modules/applications including the SAR
mitigation module 116. Attachment of the accessory may be
recognized using one or more accessory detectors 120
associated with the interface. The accessory device 1dent-
fication data may be configured as an alphanumeric code or
string, a textual device name, a hardware 1dentifier, or other
suitable 1dentifying data. The accessory device identification
data 1s suflicient to distinguish between different accessories
and ascertain associated properties, characteristics, and
capabilities of the accessories that may be used to inform
SAR mitigation techniques as well as other operations.

Additionally, for accessory devices that may be manipu-
lated into different arrangements, the accessory detectors
120 may be configured to detect the different arrangements
ol accessory devices relative to a host device to which the
accessory devices are connected. In one approach, the
accessory detectors 120 are placed upon one or more sur-
faces of a host device and are operable to determine when an
accessory 1s positioned in a manner that causes interference
with regions of the device 1n which antennas are housed. In
some arrangements, the accessory may alter RF energy
emissions in a manner that can direct more or less emissions

toward a user. By recognizing the diflerent arrangements of

accessory devices and understanding how the antenna emis-
sions are changed 1n diflerent arrangements, antennas may
be controlled 1n a manner that achieves compliance with
SAR limits while enabling AOAC features for communica-
tion systems and informed adjustments to antenna output
under differing conditions that may boost performance and
quality of communications overall. Further details regarding
example arrangements of accessory detectors 120 as well as
user presence detectors 118 are discussed in relation to the
tollowing figures.

Having discussed an example environment and devices,
consider now some example details regarding SAR mitiga-
tion techmiques 1n accordance with various implementations.

SAR Mitigation Details

The following discussion presents some details regarding,
SAR mitigation techniques and some illustrative examples.
FIG. 3 depicts generally at 300 one example implementation
of detectors used to inform a SAR maitigation algorithm. In
particular, the computing device 102 1s depicted as including,
an antenna zone 302 having various antennas 114. Various
combinations of antennas may be provided with a device. As
depicted, the antenna zone 302 may be arranged along a
selected edge of the computing device 102. In the illustrated
example, the antenna zone 302 extends substantially across
a top edge of the device in a landscape orientation. Other
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edges and/or multiple edges may also be selected some
examples of which are discussed in relation to the following
figures.

A user presence detector 118 1s also depicted 1n FIG. 3 as
being associated with the antenna zone 302 and correspond-
ing antennas 114. Generally, user presence detectors 118
may be placed within or proximate to an antenna zone 302
and/or 1n relation to individual antennas to detect when a
user 1s “present.” The presence of a user in the context of
SAR mitigation refers to whether the relationship of the user
to a device encroaches upon the antenna zone 302 and
corresponding antennas 114 to an extent that potential for
the user to be exposed to RF emissions above SAR limits 1s
increased to an unacceptable level. A user may be considered
present under conditions that increase potential exposure to
unacceptable levels and considered not present when the
user 1s suiliciently removed from the antenna zone 302 and
corresponding antennas 114. Presence may be indicated for
different antennas or groups of antennas of a device on an
individual basis. Thus a user may be considered present with
respect to some antennas and at the same time considered
not present with respect to other antennas of a particular
device.

User presence may be indicated for instance, when the
user contacts areas of the device at or near to portions of the
device that house antennas (e.g., the antenna zone). Thus, 1f
a user holds the example computing device 102 of FIG. 3
along the top edge, the example one or more user presence
detectors 118 associated with the antenna zone 302 may
recognize this user interaction and generate an indication of
user presence for consumption by a SAR manager module
116. On the other hand, 11 a user places the computing device
102 down on a desk or table or holds the device at a difierent
location, near the tlexible hinge 106 for example, the user 1s
sufliciently removed from the antenna zone 302 so that
exceeding SAR limits becomes unlikely or impossible. In
this case, the user may be considered not present with
respect to the relationship of the user to antennas of the
device and associated RF emissions. One or more user
presence detectors 118 are provided to recognize the rela-
tionship of a user to RF emitting hardware components and
to cause the SAR manager module 116 to take action to
mitigate exposure under appropriate conditions.

FIG. 3 additionally depicts an example accessory detector
120 associated with the computing device 102. In this case,
the example accessory detector 120 may be a physical
device that 1s placed in a location to detect when the
accessory device 1s covering a surface of the computing
device 102. For example, the arrow 304 indicates that the
accessory device 104 may be manipulated via a flexible
hinge 106 (or other suitable mterface) into different arrange-
ments. In one arrangement, the accessory device may be
tolded over 1nto a closed position such that a surtace 306 of
the accessory device 104 covers a surface 308 of the
computing device. In this arrangement, the accessory device
104 also covers the antenna zone 302 and antennas. Accord-
ingly, the accessory device 104 may cause some interference
and/or deflection of RF energy emitted by the antennas.
Thus, the accessory detector 120 1s positioned to detect
arrangement of the accessory device 1nto the closed position
and 1itiate actions by the SAR manager module 116 to
mitigate exposure. One or more accessory detectors may be
arranged at diflerent locations to recognize corresponding
arrangements and initiate mitigation actions for SAR com-
pliance as appropnate.

FIG. 4 depicts generally at 400 additional example
arrangements of detectors that may be employed to inform
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a SAR mitigation algorithm. Generally, FIG. 4 represents
that one or multiple user presence detectors 118 may be
employed 1n combination with one or multiple accessory
detectors 120 to implement SAR mitigation techniques
described herein. In particular, example placements and
aspects ol detectors that may be employed for the described
SAR mitigation techniques are illustrated. In the depiction,
the antenna zone 302 of FIG. 3 that extends across top edge
of the computing device 102 1n a landscape orientation 1s
again included along with a corresponding user presence
detector 118. In addition or alternatively, the computing
device 102 may include one or more other antenna zones
402 examples of which are shown along the short edges of
the computing device 1n FIG. 4. As turther shown in FIG. 4,
cach of the antennas zones may include respective antennas
and may be associated with one or more user presence
detectors 118 configured to determine user presence with
respect to corresponding zones and antennas 1n the manner
described above and below.

Further, the accessory device 104 of FIG. 4 1s illustrated
as including area 404 and areas 406 that correspond to
antenna zone 302 and other antennas zones 402, respec-
tively. In particular, the arca 404 and arecas 406 represent
portions of the accessory device 104 that may interfere with
antenna performance 1n some arrangements of the accessory
device 104 relative to a host computing device. For example,
the area 404 and areas 406 may cover antenna zone 302 and
other antennas zones 402 when the accessory device 104 1s
manipulated into a closed position as discussed 1n relation to
FIG. 3. This may cause detlection of RF energy and/or other
consequences that may adversely aflect SAR compliance
and/or performance. In some designs, non-interfering mate-
rials (e.g., RF transparent plastic, paint, and so forth) may be
selected for areca 404 and areas 406 to avoid such conse-
quences. This approach though limits the types of materials
available for accessories. The use of accessory detectors 120
and a mitigation scheme as described herein enables design
freedom to use a wide range of materials and configurations
for accessories while achieving both acceptable communi-
cation performance/quality and SAR compliance.

Accordingly, one or multiple accessory detectors 120 may
be employed to determine arrangements of an accessory
device 104 relative to a computing device 102. As shown 1n
FIG. 4, accessory detectors 120 may be associated with one
or more ol the computing device 102, an interface used to
communicatively and physically couple an accessory to a
host (such as a flexible hinge 106), and/or the accessory
device 104 1tselt. Multiple accessory detectors 120 may be
used 1n combination to 1dentily different accessory devices,
determine diflerent arrangements of accessory devices, rec-
ognize when accessories are connected/disconnected, deter-
mine where accessory devices are located, ascertain prop-
erties associated with different accessory devices, and so
forth. Various information regarding accessory devices and
arrangements 1ncluding but not limited to the preceding
examples may be obtained at least 1n part via accessory
detectors 120 and used by the SAR manager module 116 to
selectively adjust antenna operation 1in dependence on acces-
sory device arrangements and properties to balance perfor-
mance and SAR compliance in different circumstances.

FIG. 5 illustrates generally at 500 an example in which a
computing device 102 may be rotated within a variety of
different angle ranges with respect to an accessory device
104 that correspond to different arrangements. Generally,
different arrangements of an accessory device 104 relative to
a computing device 102 may occur at different times. The
accessory device 104 may also be removably connectable to
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the computing device 102 via a flexible hinge 106 or other
suitable interface. In different arrangements, the different
antennas and/or antenna zones may become more or less
ellective for various kinds of wireless communication. For
example, different zones may become blocked and
unblocked as the accessory 1s manipulated ito different
arrangements.

Different arrangements can be associated with different
power states, diflerent application states, use of diflerent
wireless antennas/antennas zones, and so on. Additionally,
the different arrangements and/or select pre-defined arrange-
ments may be recognized and used to mform a SAR miti-
gation algorithm implemented by the SAR manager module
116. Naturally, different accessories may have diflerent
characteristics and capabilities 1including different kinds of
arrangements that may occur relative to a host. Techniques
for SAR mitigation discussed herein are generally applicable
to various different arrangements associated with diflerent
accessories and are not limited to the illustrative examples
discussed above and below.

In the example of FIG. 5 an angle range 502 1s illustrated,
which corresponds to a closed position 1n which a front
surface (e.g., iput side or key side of a keyboard accessory)
of the accessory device 104 may cover a front surface (e.g.,
display side) of the computing device 102. The closed
position may be detected via accessory detectors 120 as
discussed herein or 1n another suitable way. Thus, 1f the
computing device 102 1s positioned at an angle within the
angle range 502 relative to the accessory device 104, the
computing device 102 can be determined to be 1n a closed
position. A closed position can 1include an associated closed
state where various functionalities/behaviors for the com-
puting device 102 and accessory device 104 including
antenna operations can be modified accordingly based on the
closed state. This may include switching between different
antenna zones, selectively turning antennas on/ofl, selecting
various wireless functionality provided by one or more
antennas 114, moditying power output for SAR compliance
and/or to improve performance, and so forth. Within the
angle range 502 for instance, the accessory may cause
interference with antenna operation. In this case, the SAR
manager module 116 may be conﬁgured to recognize that
the accessory device 104 1s positioned in an arrangement
that adversely atlects SAR compliance and may take action
to control antennas for SAR compliance accordingly. For
instance, RF transmit power may be reduced for one or more
antennas to maintain SAR compliance.

Further illustrated 1s an angle range 504, which may
correspond to a typing arrangement for the computing
device 102. Thus, if the computing device 102 1s positioned
at an angle within the angle range 504 relative to the
accessory device 104, the computing device 102 can be
determined to be in a typing arrangement. Within this
orientation, the computing device 102 and/or the accessory
device 104 can be placed 1n a typing power state where
functionalities/behaviors for the computing device 102 and
accessory device 104 including antenna operations can be
customized accordingly based on the typing state.

Additionally, FIG. 3 1llustrates an angle range 506, which
corresponds to a viewing arrangement for the computing
device 102. Thus, if the computing device 102 1s positioned
at an angle within the angle range 506 relative to the
accessory device 104, the computing device 102 can be
determined to be 1n a viewing arrangement. In this orienta-
tion, functionalities/behaviors for the computing device 102
and accessory device 104 including antenna operations can

be controlled accordingly based on the viewing state.
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Generally, within the angle ranges 504 and 506, interter-
ence with antenna operation by the accessory device 104
may be minimal. In this case, the SAR manager module 116
may be configured to recognize that the accessory device
104 1s positioned 1n an arrangement that does not adversely
allect SAR compliance and may take action to control
antennas for performance accordingly. For instance, RF
transmit power may be boosted for performance when the
arrangement of an accessory to a host 1s 1n the angle ranges
504 and 506 shown in FIG. 5.

An angle range 508 1s also illustrated in which the
computing device 102 and accessory device 104 are manipu-
lated one to another such that a backside of the computing
device 102 (e.g., side opposite the display side) 1s folded
around 1nto relatively close proximity and/or contact with a
backside of the accessory 104. This arrangement corre-
sponds to another closed position 1n which a back surface
(e.g., side opposite the mput side) of the accessory device
104 may cover a back surface (e.g., side opposite of display

side) of the computing device 102. Thus, 11 the computing
device 102 1s positioned at an angle within the angle range
508 relative to the accessory device 104, the computing
device 102 can again be determined to be in a closed
position. Accordingly, the SAR manager module 116 may
recognize that the accessory device 104 1s positioned 1n an
arrangement that adversely aflects SAR compliance and
may take action to control antennas for SAR compliance
accordingly.

Having discussed some example SAR mitigation details,
consider example procedures in accordance with one or
more 1implementations.

Example Procedures

The following discussion describes SAR mitigation tech-
niques that may be implemented utilizing the previously
described systems and devices. Aspects of each of the
procedures may be implemented in hardware, firmware,
software, or a combination thereof. The procedures are
shown as a set of blocks that specily operations performed
by one or more devices and are not necessarily limited to the
orders shown for performing the operations by the respec-
tive blocks.

FIG. 6 depicts an example procedure 600 1n which
antennas for a host device are controlled in dependence upon
arrangement ol an accessory device. An arrangement of an
accessory device relative to a host computing device to
which the accessory device i1s physically connectable 1s
detected (block 602). For example, one or more accessory
sensors 120 may be employed to recognize an arrangement
of an accessory as previously discussed. An arrangement
may encompass the location of connection and/or an orien-
tation for an accessory device relative to the host computing,
device. As described above and below, additional informa-
tion such as an accessory identity and/or user presence
indications may also be employed along with a detected
accessory arrangement to determine when and how to 1imple-
ment SAR mitigation actions. A variety of different arrange-
ments are contemplated at least some of which may nega-
tively impact SAR compliance 11 mitigation actions are not
taken. Thus, detection of such arrangements may trigger
control actions to adapt antenna operation for compliance.
On the other hand some arrangements have no substantial
impact on SAR compliance 1n which case antennas may be
controlled to optimize performance. Accordingly, antenna
operation may be modified 1n various ways based upon an
arrangement of an accessory device that 1s detected.

In particular, a transmission power level 1s set for one or
more antennas of the host computing device 1n dependence
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upon the detected arrangement (block 604). For example,
the SAR manager module 116 may be operable to recognize
particular arrangements of different accessories based on
information obtained via the accessory sensors 120. The
SAR manager module 116 may then modily transmission
power levels and/or other operational parameters for one or
more antennas 114 of a host device accordingly. This may
include, reducing transmission power levels for SAR com-
pliance 1n response to detection of some arrangements and
boosting transmission power levels for performance in
response to detection of some other arrangements. More-
over, different antennas may be controlled individually
based on the accessory arrangement such that for a given
arrangement one or more selected antennas having the
potential to cause excessive SAR conditions may be con-
trolled for compliance (e.g., reduce energy output/power
level) while in the same arrangement other antennas (e.g.,
antennas that do not contribute to excess SAR conditions)
may continue to operate “normally” and/or may be boosted
for performance. In at least some embodiments, a maximum
transmission power level for may be established for each
antenna with respect to diflerent arrangements of a particular
accessory device and individually with respect to different
accessory device. Accordingly, setting of transmission
power levels may involve enforcing a maximum transmis-
sion power level for each antenna established with respect to
a detected arrangement an accessory device.

In order to selectively control antennas 1n dependence on
accessory arrangement, the SAR manager module 116 may
include or otherwise make use of any suitable information
that associates particular arrangements of different accesso-
rics with operational parameters for one or more antennas
114. For example, the SAR manager module 116 may
reference a table, database, data file, library, or other data
structure that maps transmission power level ranges/maxi-
mums for individual antennas to different accessory arrange-
ments in order to determine transmission power levels to set
for a detected arrangement. The mapping data structure may
be defined to associate antenna operational parameters and/
or corresponding control actions with accessory arrange-
ments for each diflerent accessory based on accessory
identification data. Thus, given an accessory device identity
and information regarding a current arrangement, the SAR
manager module 116 may look-up corresponding antenna
operational parameters and selectively control antennas 114
accordingly. For example, the SAR manager module 116
may apply a SAR mitigation algorithm to control antennas
114 further details of which are described in relation to the
following figure.

FIG. 7 depicts an example procedure 700 in which a
specific absorption rate (SAR) mitigation algorithm 1s
applied to control one or more antennas of a host computing
device. A SAR mitigation algorithm for a host computing
device 1s 1nstantiated that 1s dependent upon a user presence
indication and arrangement of an accessory device connect-
able to the host device relative to the host device (block
702). For example, the SAR mitigation may be implemented
and applied by a SAR manager module to eflectuate tech-
niques for SAR mitigation described herein. Generally
speaking, the SAR mitigation algorithm 1s configured to
indicate control actions to take with respect to one or more
antennas 1n relation to different conditions. The conditions
may include at least whether or not a user 1s present with
respect to individual antennas and/or a current arrangement
of an accessory device relative to a host. As noted, an
identity of the accessory device 1s another condition that
may be obtained and used 1n conjunction with the detected
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arrangement/user presence indications to ascertain how and
when to control antenna operations for SAR mitigation
and/or performance.

For instance, the 1dentity may be indicative of accessory
device properties at least some of which may impact SAR
compliance. For instance, properties including but not lim-
ited to accessory type, location of connections, materials of
construction, hardware aspects, emission contributions, and
so forth may be associated with identities of different
accessories. iven an accessory device 1dentity and corre-
sponding properties, eflects of the accessory device on SAR
compliance in different arrangements may be determined. A
SAR mitigation algorithm may then be defined accordingly.
In at least some 1mplementations, the SAR mitigation algo-
rithm may be configured to include a mapping data structure
as mentioned above that associates various conditions (e.g.,
user presence, accessory identification, and/or accessory
arrangement) with various antenna control actions.

An 1ndication of user presence 1s ascertained (block 704).
User presence may be detected via one or more user pres-
ence detectors 118 1n the manner previously described. As
noted, the presence of the user 1s determined with respect to
proximity of the user to individual antennas. Thus, a user
may be present with respect to some antennas of a device
(e.g., hand holding device at or near to an antenna location)
and at the same time the user may be considered not present
with respect to other antennas located in a different part of
the device.

Arrangement of the accessory device 1s detected (block
706). Again, one or more accessory sensors 120 may be
employed to recognize an arrangement of an accessory using
the techmiques described herein. Then, the SAR maitigation
algorithm 1s applied to control radio frequency transmissions
for one or more antennas of the host device according the
ascertained user presence indication and the detected
arrangement of the accessory device (block 708). The opera-
tion of one or more antennas 114 may be controlled in
various ways. In general, the SAR mitigation algorithm 1s
configured to implement a control scheme that accounts for
conditions including but not limited to user presence, acces-
sory 1dentity, and/or accessory arrangement as discussed
above. The SAR mitigation algorithm 1s further designed to
maintain compliance with SAR limits while permitting
always on always connected (AOAC) features for wireless
communication systems 1n the presence of different acces-
sory device.

By way of example and not limitation, antenna control
actions designated by the SAR mitigation algorithm may
include but are not limited to setting transmission power
limits, throttling of one or more antennas or types of
antennas, prioritization of antenna communications, power
back-ofl adjustments, as well as intentional radio degrada-
tion and/or radiation pattern modifications achieved through
programmable elements (e.g., counter-measure devices), to
name a few examples. One or more control actions to
mitigate potential for exceeding legal SAR limits may be
applied for antennas that contribute to SAR emissions. On
the other hand, control actions to boost or maintain perfor-
mance may be applied for antennas that do not significantly
contribute to SAR emissions because of antenna location,
user presence relationships, and, accessory device arrange-
ment. Generally antennas that contribute and do not con-
tribute to potential excessive SAR emissions may be iden-
tified based on user presence indications for individual
antennas and the accessory arrangement. The antennas 1den-
tified as contributor and non-contributor to SAR emissions
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for a given scenario may then be controlled on an 1individual
basis for compliance considerations and performance con-
siderations, respectively.

Naturally, control actions may be intelligently imple-
mented based upon the current state of antenna operations
rather than by simply setting overly cautious maximums or
applying fixed back-ofl percentages or values. For example,
power may be reduced for an antenna in response to user
presence/accessory arrangement detection when the transmait
power 1s above a defined threshold to trigger mitigation. On
the other hand, the power may not be reduced when transmait
power 1s below the defined threshold even though the user
1s present and a particular accessory arrangement 1s detected.
The reduction may therefore depend upon the current opera-
tional conditions of an antenna. Moreover, diflerent anten-
nas may be controlled differently based on location, type of
antenna, priority, user presence, and other contextual con-
ditions rather than applying blanket across the board adjust-
ments to each antenna.

In accordance with the foregoing description, a SAR
mitigation algorithm may be implemented to control radio
frequency transmissions (e.g., output levels) for one or more
antennas of the host device based at least 1n part upon an
arrangement of an accessory device relative to the host
device. By so doing, the SAR mitigation algorithm accounts
for adverse influences that some arrangements of accessory
devices may have upon radio frequency (RF) emissions
from the antennas. The SAR mitigation algorithm may be
turther configured to account for user presence indications
along with accessory device arrangement and accessory
device 1dentity to adapt transmission power levels accord-
ingly.

Having considered the foregoing example procedures,
consider now a discussion of example systems and devices
that may be employed to implement aspects of techmiques in
one or more embodiments.

Example System and Device

FIG. 8 1llustrates an example system generally at 800 that
includes an example computing device 802 that 1s represen-
tative of one or more computing systems and/or devices that
may implement the various techniques described herein. The
computing device 802 may, for example, be configured to
assume a mobile configuration through use of a housing
formed and size to be grasped and carried by one or more
hands of a user, illustrated examples of which include a
mobile phone, mobile game and music device, and tablet
computer although other examples are also contemplated.

The example computing device 802 as illustrated includes
a processing system 804, one or more computer-readable
media 806, and one or more I/O interface 808 that are
communicatively coupled, one to another. Although not
shown, the computing device 802 may further include a
system bus or other data and command transier system that
couples the various components, one to another. A system
bus can include any one or combination of different bus
structures, such as a memory bus or memory controller, a
peripheral bus, a universal serial bus, and/or a processor or
local bus that utilizes any of a variety of bus architectures.
A variety of other examples are also contemplated, such as
control and data lines.

The processing system 804 1s representative of function-
ality to perform one or more operations using hardware.
Accordingly, the processing system 804 1s illustrated as
including hardware elements 810 that may be configured as
processors, functional blocks, and so forth. This may include
implementation in hardware as an application specific inte-
grated circuit or other logic device formed using one or more
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semiconductors. The hardware elements 810 are not limited
by the matenials from which they are formed or the process-
ing mechanisms employed therein. For example, processors
may be comprised of semiconductor(s) and/or transistors
(e.g., electronic integrated circuits (ICs)). In such a context,
processor-executable instructions may be electronically-ex-
ecutable 1nstructions.

The computer-readable media 806 1s 1llustrated as includ-
ing memory/storage 812. The memory/storage 812 repre-
sents memory/storage capacity associated with one or more
computer-readable media. The memory/storage component
812 may include volatile media (such as random access
memory (RAM)) and/or nonvolatile media (such as read
only memory (ROM), Flash memory, optical disks, mag-
netic disks, and so forth). The memory/storage component
812 may include fixed media (e.g., RAM, ROM, a fixed hard
drive, and so on) as well as removable media (e.g., Flash
memory, a removable hard drive, an optical disc, and so
torth). The computer-readable media 806 may be configured
in a variety ol other ways as further described below.

Input/output interface(s) 808 are representative ol func-
tionality to allow a user to enter commands and information
to computing device 802, and also allow information to be
presented to the user and/or other components or devices
using various input/output devices. Examples of input
devices include a keyboard, a cursor control device (e.g., a
mouse), a microphone, a scanner, touch functionality (e.g.,
capacitive or other sensors that are configured to detect
physical touch), a camera (e.g., which may employ visible or
non-visible wavelengths such as infrared frequencies to
recognize movement as gestures that do not involve touch),
and so forth. Examples of output devices include a display
device (e.g., a monitor or projector), speakers, a printer, a
network card, tactile-response device, and so forth. Thus, the
computing device 802 may be configured 1n a variety of
ways to support user interaction.

The computing device 802 1s further 1llustrated as being
communicatively and physically coupled to an accessory
device 814 that 1s physically and communicatively remov-
able from the computing device 802. In this way, a variety
of different accessory devices may be coupled to the com-
puting device 802 having a wide variety of configurations to
support a wide variety of functionality. In this example, the
accessory device 814 includes one or more controls 816,
which may be configured as press-sensitive keys, mechani-
cally switched keys, buttons, and so forth.

The accessory device 814 is further 1llustrated as 1nclud-
ing one or more modules 818 that may be configured to
support a variety of functionality. The one or more modules
818, for instance, may be configured to process analog
and/or digital signals recerved from the controls 816 to
determine whether an input was intended, determine
whether an 1mput 1s indicative of resting pressure, support
authentication of the accessory device 814 for operation
with the computing device 802, and so on.

Various techniques may be described herein 1n the general
context of software, hardware elements, or program mod-
ules. Generally, such modules include routines, programs,
objects, elements, components, data structures, and so forth
that perform particular tasks or implement particular abstract
data types. The terms “module,” “functionality,” and “com-
ponent” as used herein generally represent software, firm-
ware, hardware, or a combination thereof. The features of
the techniques described herein are platform-independent,
meaning that the techniques may be implemented on a
variety of commercial computing platforms having a variety
ol processors.
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An 1mplementation of the described modules and tech-
niques may be stored on or transmitted across some form of
computer-readable media. The computer-readable media
may include a variety of media that may be accessed by the
computing device 802. By way of example, and not limita-
tion, computer-readable media may include “computer-read-
able storage media” and “computer-readable signal media.”

“Computer-readable storage media” may refer to media
and/or devices that enable storage of information in contrast
to mere signal transmission, carrier waves, or signals per se.
Thus, computer-readable storage media does not include
signal bearing media or signals per se. The computer-
readable storage media includes hardware such as volatile
and non-volatile, removable and non-removable media and/
or storage devices implemented in a method or technology
suitable for storage of information such as computer read-
able instructions, data structures, program modules, logic
clements/circuits, or other data. Examples of computer-
readable storage media may include, but are not limited to,
RAM, ROM, EEPROM, flash memory or other memory
technology, CD-ROM, digital versatile disks (DVD) or other
optical storage, hard disks, magnetic cassettes, magnetic
tape, magnetic disk storage or other magnetic storage
devices, or other storage device, tangible media, or article of
manufacture suitable to store the desired information and
which may be accessed by a computer.

“Computer-readable signal media” may refer to a signal-
bearing medium that 1s configured to transmit instructions to
the hardware of the computing device 802, such as via a
network. Signal media typically may embody computer
readable 1nstructions, data structures, program modules, or
other data 1n a modulated data signal, such as carrier waves,
data signals, or other transport mechanism. Signal media
also include any information delivery media. The term
“modulated data signal” means a signal that has one or more
of 1ts characteristics set or changed 1n such a manner as to
encode information 1n the signal. By way of example, and
not limitation, communication media include wired media
such as a wired network or direct-wired connection, and
wireless media such as acoustic, RF, infrared, and other
wireless media.

As previously described, hardware elements 810 and
computer-readable media 806 are representative of modules,
programmable device logic and/or fixed device logic imple-
mented 1 a hardware form that may be employed 1n some
embodiments to implement at least some aspects of the
techniques described herein, such as to perform one or more
instructions. Hardware may include components of an inte-
grated circuit or on-chip system, microcontroller devices, an
application-specific integrated circuit (ASIC), a field-pro-
grammable gate array (FPGA), a complex programmable
logic device (CPLD), and other implementations 1n silicon
or other hardware. In this context, hardware may operate as
a processing device that performs program tasks defined by
instructions and/or logic embodied by the hardware as well
as a hardware utilized to store instructions for execution,
¢.g., the computer-readable media described previously.

Combinations of the foregoing may also be employed to
implement various techniques described herein. Accord-
ingly, software, hardware, or executable modules may be
implemented as one or more 1nstructions and/or logic
embodied on some form of computer-readable media and/or
by one or more hardware clements 810. The computing
device 802 may be configured to implement particular
instructions and/or functions corresponding to the software
and/or hardware modules. Accordingly, implementation of a
module that 1s executable by the computing device 802 as
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soltware may be achieved at least partially in hardware, e.g.,
through use of computer-readable media and/or hardware
clements 810 of the processing system 804. The instructions
and/or functions may be executable/operable by one or more
articles of manufacture (for example, one or more comput-
ing devices 802 and/or processing systems 804) to imple-
ment techniques, modules, and examples described herein.

CONCLUSION

Although the example implementations have been
described 1 language specific to structural features and/or
methodological acts, 1t 1s to be understood that the imple-
mentations defined 1n the appended claims 1s not necessarily
limited to the specific features or acts described. Rather, the
specific features and acts are disclosed as example forms of
implementing the claimed features.

What 1s claimed 1s:

1. A computing device comprising;

one or more antennas configured to provide wireless

communication functionality;

one or more hardware elements configured to implement

a specific absorption rate manager module operable to:

instantiate a SAR mitigation algorithm for a host device
that 1s dependent upon user presence indications and
arrangement of an accessory device connectable to
the computing device relative to the computing
device;

ascertain indications of user presence with respect to
the one or more antennas;

detect the arrangement of the accessory device relative
to the computing device; and

apply the SAR mitigation algorithm to control radio
frequency transmissions for the one or more anten-
nas of the computing device according the ascer-
tained user presence indications and the detected
arrangement of the accessory device, including rei-
crencing a mapping data structure to determine
antenna operational parameters associated with the
arrangement that 1s detected.

2. The computing device as described in claim 1, further
comprising:

one or more user presence detectors operable to ascertain

the indications of user presence; and

one or more accessory detectors to detect the arrangement

of the accessory device relative to the computing
device.

3. The computing device as described 1n claim 1, wherein
the arrangement encompasses a location of a connection for
the accessory device and an orientation of the accessory
device relative to the computing device.

4. The computing device described 1n claim 1, wherein
application of the specific absorption rate (SAR) mitigation
algorithm comprises applying one or more control actions to
mitigate potential for exceeding legal SAR limits for anten-
nas i1dentified as being SAR emission contributors based on
the ascertained user presence indications and the detected
arrangement of the accessory device.

5. The computing device described in claim 1, wherein
application of the specific absorption rate (SAR) mitigation
algorithm comprises applying one or more control actions to
boost or maintain performance for antennas identified as
being non-contributors to SAR emissions based on the
ascertained user presence indications and the detected
arrangement of the accessory device.

6. The computing device described 1in claim 1, wherein the
mapping data structure 1s configured to indicate, for each
particular antenna of the one or more antennas, control
actions to take in relation to conditions including at least
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whether or not a user 1s present with respect to the particular
antenna and the arrangement of the accessory device relative
to the computing device.

7. A method mmplemented by a computing device to
control one or more antennas of the computing device
configured to provide wireless communication functionality
comprising;

instantiating by the computing device a SAR mitigation

algorithm that 1s dependent upon user presence 1ndica-
tions and arrangement of an accessory device connect-
able to the computing device relative to the computing
device;

ascertaiming indications of user presence with respect to

the one or more antennas;

detecting the arrangement of the accessory device relative

to the computing device; and

applying the SAR mitigation algorithm to control radio

frequency transmissions for the one or more antennas
of the computing device according the ascertained user
presence indications and the detected arrangement of
the accessory device including applying antenna con-
trol actions for the one or more antennas specified for
the detected arrangement by a mapping data structure
defined to associate antenna operational parameters
with different accessory arrangements.

8. The method as described 1n claim 7, further comprising:

ascertaiming the indications of user presence via one or

more user presence detectors of the computing device;
and

detecting the arrangement of the accessory device relative

to the computing device via one or more accessory
detectors.

9. The method as described 1n claim 7, wherein detecting,
the arrangement comprises 1dentifying a location of a con-
nection for the accessory device and an orientation of the
accessory device relative to the computing device.

10. The method as described 1n claim 7, wherein applying
the specific absorption rate (SAR) mitigation algorithm
comprises applying one or more control actions to mitigate
potential for exceeding legal SAR limits for antennas 1den-
tified as being SAR emission contributors based on the
ascertained user presence indications and the detected
arrangement ol the accessory device.

11. The method as described 1n claim 7, wherein applying
of the specific absorption rate (SAR) mitigation algorithm
comprises applying one or more control actions to boost or
maintain performance for antennas i1dentified as being non-
conftributors to SAR emissions based on the ascertained user
presence indications and the detected arrangement of the
accessory device.

12. The method as described in claim 7, wherein the
specific absorption rate (SAR) mitigation algorithm 1s con-
figured to 1ndicate, for each particular antenna of the one or
more antennas, control actions to take in relation to condi-
tions including at least whether or not a user 1s present with
respect to the particular antenna and the arrangement of the
accessory device relative to the computing device.

13. The method as described 1n claim 7, wherein applying
the specific absorption rate (SAR) mitigation algorithm
further comprises performing a look-up 1n the mapping data
structure to 1dentity the antenna control actions indicated for
the one or more antennas with respect to the ascertained
indications of user presence and the detected arrangement.

14. The method as described in claim 13, wherein the
mapping data structure i1s configured to associate antenna
operational parameters and corresponding control actions
with accessory device arrangements for multiple different
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accessory devices connectable to the computing device at
different times via the interface.

15. A computing device to control one or more antennas
of the computing device configured to provide wireless
communication functionality comprising;

a processing system;

an interface to communicatively and physically couple

different accessory devices to the computing device;

multiple antennas to provide wireless communication
functionality;
one or more computer readable media comprising instruc-
tions that, when executed via the processing system,
implement a specific absorption rate (SAR) mitigation
algorithm configured to perform operations to control
operations of the multiple antennas 1n dependence upon
user presence indications and arrangement ol an acces-
sory device connectable to the computing device rela-
tive to the computing device comprising:
ascertaining indications of user presence with respect to
the one or more antennas;
detecting the arrangement of the accessory device
relative to the computing device; and
identifying antenna control actions indicated for the
one or more antennas with respect to the ascertained
indications of user presence and the detected
arrangement by referencing a mapping data structure
configured to associate antenna operational param-
cters and corresponding control actions with acces-
sory device arrangements for multiple different
accessory devices.
16. The computing device as described i claim 15,
turther comprising:
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ascertaiming the indications of user presence via one or
more user presence detectors of the computing device;
and

detecting the arrangement of the accessory device relative

to the computing device via one or more accessory
detectors.

17. The computing device as described in claim 135,
wherein detecting the arrangement comprises 1dentifying a
location of a connection for the accessory device and an
orientation of the accessory device relative to the computing
device.

18. The computing device as described in claim 185,
further comprising:

applying one or more control actions that are 1dentified to

mitigate potential for exceeding legal SAR limits for
antennas 1dentified as being SAR emission contributors
based on the ascertained user presence indications and
the detected arrangement of the accessory device; and
applying one or more control actions that are identified to
boost or maintain performance for antennas i1dentified
as being non-contributors to SAR emissions based on
the ascertained user presence indications and the
detected arrangement of the accessory device.

19. The computing device as described in claim 135,
wherein the specific absorption rate (SAR) mitigation algo-
rithm 1s configured to indicate, for each particular antenna of
the one or more antennas, control actions to take in relation
to conditions including at least whether or not a user 1s
present with respect to the particular antenna and the
arrangement of the accessory device relative to the comput-
ing device.
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